'.) Check for updates

BJOG: An International Journal of Obstetrics & Gynaecology WI L EY
BJ 0 An International Journal of
Obstetrics and Gynaecology

| RESEARCH ARTICLE CEIEED

Differences in Factors Associated With Preterm and Term
Stillbirth: A Secondary Cohort Analysis of the DESiGN Trial

Chivon Winsloe? 2 | James Elhindi® | Matias C. Vieira* | Sophie Relph® | Charles G. Arcus® | Alessandro Alagna® |
Annette Briley"” | Mark Johnson® | Louise M. Page® | Andrew Shennan! | Baskaran Thilaganathan!®!! | Neil Marlow!? & |
Christoph Lees'® | Deborah A. Lawlor'*!> | Asma Khalil'®!! | Jane Sandall' | Andrew Copas? | Dharmintra Pasupathy’3 |
on behalf of the DESiGN Trial team

!Department of Women and Children's Health, School of Life Course Sciences, Faculty of Life Sciences and Medicine, King's College London, London,

UK | 2Centre for Pragmatic Global Health Trials, Institute for Global Health, University College London, London, UK | 3Reproduction and Perinatal
Centre, Faculty of Medicine and Health, University of Sydney, Sydney, New South Wales, Australia | “Department of Obstetrics and Gynaecology, School
of Medical Sciences, University of Campinas (UNICAMP), Campinas, Brazil | SWomen's Health Division, Royal London Hospital, Barts Health NHS
Trust, London, UK | ®London Perinatal Morbidity and Mortality Working Group (NHS), London, UK | “Caring Futures Institute Flinders University and
North Adelaide Local Health Network, Adelaide, South Australia, Australia | *Department of Surgery and Cancer, Imperial College London, London,

UK | “West Middlesex University Hospital, Chelsea & Westminster Hospital NHS Foundation Trust, Isleworth, UK | °Fetal Medicine Unit, St George's
University Hospitals NHS Foundation Trust, London, UK | "Molecular & Clinical Sciences Research Institute, St George's, University of London, London,
UK | 'UCL Institute for Women's Health, University College London, London, UK | *Department of Metabolism, Digestion and Reproduction, Imperial
College London, London, UK | *Medical Research Council Integrative Epidemiology Unit at the University of Bristol, Bristol, UK | *Population Health
Science, Bristol Medical School, University of Bristol, Bristol, UK

Correspondence: Dharmintra Pasupathy (dharmintra.pasupathy@sydney.edu.au)
Received: 7 July 2023 | Revised: 14 August 2024 | Accepted: 25 August 2024
Funding: The DESIGN trial was funded by Guy's and St Thomas' Charity, Stillbirth and Neonatal Death Charity (Sands) and Tommy's Charity.

Keywords: fetal growth restriction | perinatal death | premature birth | SGA | stillbirth | term birth

ABSTRACT

Objective: To identify whether maternal and pregnancy characteristics associated with stillbirth differ between preterm and
term stillbirth.

Design: Secondary cohort analysis of the DESiGN RCT.

Setting: Thirteen UK maternity units.

Population: Singleton pregnant women and their babies.

Methods: Multiple logistic regression was used to assess whether the 12 factors explored were associated with stillbirth.
Interaction tests assessed for a difference in these associations between the preterm and term periods.

Main Outcome Measure: Stillbirth stratified by preterm (<37+° weeks') and term (37+°-42+° weeks') births.

Results: A total of 195344 pregnancies were included. Six hundred and sixty-seven were stillborn (3.4 per 1000 births),
of which 431 (65%) were preterm. Significant interactions were observed for maternal age, ethnicity, IMD, BMI, parity,
smoking, PAPP-A, gestational hypertension, pre-eclampsia and gestational diabetes but not for chronic hypertension and
pre-existing diabetes. Stronger associations with term stillbirth were observed in women with obesity compared to BMI
18.5-24.9kg/m? (BMI 30.0-34.9kg/m? term adjusted OR 2.1 [95% CI 1.4-3.0] vs. preterm aOR 1.1 [0.8-1.7]; BMI > 35.0kg/
m? term aOR 2.2 [1.4-3.4] vs. preterm aOR 1.5 [1.2-1.8]; p-interaction < 0.01), nulliparity compared to parity 1 (term aOR 1.7
[1.1-2.7] vs. preterm aOR 1.2 [0.9-1.6]; p-interaction < 0.01) and Asian ethnicity compared with White (p-interaction < 0.01).
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A weaker or lack of association with term, compared to preterm, stillbirth was observed for older maternal age, smoking and

pre-eclampsia.

Conclusion: Differences in association exist between mothers experiencing preterm and term stillbirth. These differences could

contribute to design of timely surveillance and interventions to further mitigate the risk of stillbirth.

1 | Introduction

The World Health Organisation is leading a global drive to re-
duce perinatal deaths, including stillbirths and neonatal deaths.
The Every Newborn Action Plan is an evidence-based initiative
to end preventable stillbirths by 2030, with a similar commit-
ment in the 2025 Coverage Targets and Milestones [1, 2].

In the United Kingdom, stillbirth is defined as a baby born with
no signs of life after 24 completed weeks of gestation [3, 4] with
up to 93% of stillbirths diagnosed before labour [5]. The Office
for National Statistics (ONS) in 2021 reported an increase in UK
stillbirth rate of 4.1 per 1000 births [6]. Stillbirth significantly af-
fects maternal physical and mental health, impacts the broader
family and presents challenges for managing future pregnancies
(5,7, 8].

Whilst factors associated with stillbirth are well described and
inform clinical guidance [9-13], they do not distinguish between
preterm and term stillbirths. This limits the potential for further
targeted clinical intervention and policies to reduce stillbirth
rates. Furthermore, there is limited evidence of the impact of
clinical guidelines and practices on preterm and term stillbirth
rates. This study aimed to identify how maternal and pregnancy
characteristics associated with stillbirth differ when stillbirths
are stratified by preterm and term gestation.

2 | Methods
2.1 | Study Design and Population

This a secondary cohort analysis of the DESiGN Trial. DESiGN
was the first, pragmatic, UK-based, multicentre, cluster-
randomised controlled trial in 13 maternity units (clusters) in
England. DESiGN compared the growth assessment protocol
(GAP) to standard care with a primary outcome of antenatal ul-
trasound detection of the small-for-gestational-age fetus (SGA)
[14-16]. GAP was made available in the United Kingdom by
The Perinatal Institute in 2013 [17]. It is a complex interven-
tion aimed at increasing the detection of SGA. It is composed
of evidence-based protocols, staff training, customised charts,
rolling audits and benchmarking of performance [18]. The trial
did not demonstrate a difference in the rate of detection of SGA
between GAP and standard care. Findings of the trial have been
reported elsewhere [14, 15, 19].

Data from electronic patient records for births between
November 2016 and February 2019 were extracted from a base-
line trial period (prior to the randomisation), implementation
period (when GAP was introduced at intervention clusters fol-
lowing randomisation) and the final comparison period (when
outcomes of interest were assessed). The full study protocol

and data management processes have also previously been pub-
lished [14, 16].

This cohort analysis included singleton pregnancies, without
major anomalies, born after 24 completed weeks of gestation.
We excluded pregnancies without data on birth outcome (live-
birth or stillbirth) or gestational age at birth (Figure 1). Data
from all 13 clusters were analysed over the full trial period.

2.2 | Exposures and Outcomes of Interest

Maternal and pregnancy characteristics were compared between
pregnancies ending in stillbirths and livebirths, with stratifica-
tion by whether the gestation of birth of a stillborn baby occurred
<37%9 or >37*° weeks. Preterm birth was defined as a neonate
born >24%% and <370 weeks of gestation. Babies born at term
and post-term between 37+% and 42*° weeks' inclusive are classi-
fied henceforth as ‘term’. Stillbirths were classified ‘preterm’ or
‘term’ according to the timing of the birth, as the presumed tim-
ing of the intrauterine fetal death or stillbirth diagnosis was not
available. Stillbirths were comprised of both antepartum and
intrapartum stillbirths, however the routinely collected data did
not provide a distinction between these two types.

In determining the risk factors associated with preterm and
term stillbirths, we considered the population at risk of these
events at the time. In the preterm analysis, preterm stillbirths
were compared to a group comprised of preterm livebirths and
all babies born >37° weeks' (whether stillborn or liveborn).
Preterm stillbirths were only compared to preterm livebirths
when exploring gestational age at birth and birth weight. In the
term analysis, term stillbirths were compared to livebirths at
term only as the event will necessitate the population at risk to
achieve term gestation.

The exposures we explored were selected based on relevant ma-
ternal and pregnancy characteristics available from the DESiGN
trial. Maternal demographics were self-reported ethnicity (har-
monised into the following groups: Asian, Black, Mixed, White
and other) and index of multiple deprivation (IMD) quintile
(based on postcode of residence). Pregnancy characteristics were
maternal age at the end of the first trimester (<20, 20-24, 25-34,
35-39 and >40years), parity (PO, P1, P >2), early pregnancy body
mass index (BMI) (<18.5, 18.5-24.9, 25.0-29.9, 30.0-34.9 and
>35.0kg/m?), smoking, pregnancy-associated plasma protein-A
(PAPP-A)<0.415 multiples of median (MoM), pre-existing co-
morbidities (diabetes mellitus, chronic hypertension) and ob-
stetric complications (gestational diabetes [GDM], gestational
hypertension and pre-eclampsia).

Characteristics of the babies at birth were reported to describe
the characteristics of the population and subgroups. They were

20f 10

BJOG: An International Journal of Obstetrics & Gynaecology, 2024

85UBD17 SUOULLOD BAITER.D 3|ed![dde 3L Aq pausecb 2.8 Sap1e YO 88N Jo S9N 104 ARIQIT BUIUO A3]IM UO (SUORIPUOI-PUR-SWLIRILOD" AB] 1M ARIq1fBU1IUO//SHRL) SUORIPUOD PUE SIS L 8U} 89S *[7202/60/12] U0 AriqITauluo 1M ‘seainks AriqiT 70N uopuoabe|io AISRAINN AQ TS6LT'8250-TLYT/TTTT OT/I0P/L0D A3 ARiqipuliuo uBqoy/sdny woaj pepeojumoq ‘0 ‘8ZS0TLYT



DESIGN trial population
(n = 201 209)

Included

(n =195 344)

Excluded (n = 5865)
* Missing birth outcome (n = 287)
* Missing GA at birth (n = 5798)

Overall
(n =195 334)

All All

Preterm
Livebirths
(n =194 677)

Stillbirths

(n = 667) (n=431)

Preterm analysis
(n =195 344)

Births excl
Stillbirths PTSB*
(n =194 913)

Term analysis
(n =183 758)

Term Term
Stillbirths Livebirths
(n =236) (n=183522)

(Preterm = births >24'° and <37*° weeks of gestation. Term = births 237+ and <43*. *excl PTSB = excluding pre-term stillbirths)

FIGURE1 | CONSORT flow diagram.

neither included in the multivariable model nor interaction
test. These included gestational age at birth and birth weight,
including absolute weight and percentile (by British population
growth reference [20] or GAP customised [for maternal weight,
height, ethnicity and parity]| standards [16]).

2.3 | Statistical Analysis

Statistical analyses were performed using Stata MP Version 17
(StataCorp LLC, College Station, TX, USA). All tests were two-
sided at a significance level of 0.05.

Distributions of risk factors and other characteristics are de-
scribed using frequencies, median (interquartile range [IQR])
or mean (standard deviation [SD]) as appropriate, separately by
preterm and term and by livebirth and stillbirth.

Multiple imputation of missing exposure data was performed,
as previously described [14]. The associations between mater-
nal and pregnancy characteristics and stillbirth were analysed
using univariable and multivariable logistic regression models
and robust covariance estimates for cluster (by site) correlation,
separately for the pre-term and term periods. The rates of still-
birth for each exposure were also reported.

For the multivariable analyses we adjusted for a priori se-
lected confounders relevant to each exposure, that is, plau-
sible causes of the exposure and stillbirth [21], together with
the implementation period and arm of the main trial [14, 15]
(Table S1). Odds ratios and 95% confidence intervals for the
risk of stillbirth for each maternal and pregnancy charac-
teristic were reported. A similar analysis was performed but
limited to sites with <50% missing data on PAPP-A, to fur-
ther explore this variable (a priori selected confounders also
in Table S1).

To understand how associations between exposures and still-
birth differed between the preterm and term periods, we fitted
a joint model to the combined data to assess for interaction.

Women experiencing preterm birth contributed outcome
data only for preterm stillbirth, whilst women experiencing a
term birth contributed an outcome at both term and preterm.
Generalised estimating equations (GEEs) were used to fit logis-
tic regression models for the risk of stillbirth, acknowledging the
clustering of outcomes (at term and preterm) for some women.
An independence working correlation structure was used to en-
sure outcomes at term were not implicitly imputed for women
with a preterm birth.

3 | Results

The DESIGN trial population included data for 201209 single-
ton, nonanomalous births from 13 clusters between November
2016 and February 2019. Records with missing birth outcome
(0.1%) or gestational age (2.9%) were excluded (Figure 1). There
were 195 344 pregnancies with livebirths and 667 with stillbirths
(3.4 per 1000 births) included in the analysis.

The preterm birth rate was 5.9% (n=11586): 11155 livebirths
and 431 stillbirths. Preterm stillbirths represented two-thirds
(64.6%) of all stillbirths. The rate of preterm stillbirth was 2.2 per
1000 ongoing pregnancies. At term, 238 babies were stillborn
(1.3 per 1000 term births) (Figure 1). A breakdown of stillbirths
by weeks of gestation is provided in Table S2.

The maternal and pregnancy characteristics of the included
pregnancies are summarised in Table 1 by birth outcome and
gestational age category at birth. Compared to liveborn babies,
stillborn babies were born at a lower median gestational age
(29.4 vs. 35.4weeks' preterm, 39.1 vs. 39.9weeks' at term). They
also had a lower mean birthweight (1307.5 vs. 2316.1g preterm,
3072.3 vs. 3390.8 g at term) and birthweight percentiles by both
population (26.9 vs. 46.9 preterm only, 34.5 vs. 47.2 at term) and
customised standards (27.8 vs. 41.3 preterm only, 36.8 vs. 46.7 at
term) than liveborn babies.

The interaction tests revealed that for all but two of the poten-
tial risk factors considered, there was statistically significant
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TABLE1 | Maternal and pregnancy characteristics of cohort by birth outcome, stratified by preterm and term births.

Preterm analysis

Term analysis

Preterm stillbirths Births excluding Term stillbirths Term livebirths
(n=431) PTSB (n=194913) (n=236) (n=183522)
Age at 12weeks' (years), n (%)
<20 12 (2.8%) 4203 (2.2%) 7 (3.0%) 3903 (2.1%)
20-24 51(11.8%) 19313 (9.9%) 20 (8.5%) 18129 (9.9%)
25-34 211 (49.0%) 106472 (54.6%) 138 (58.5%) 100635 (54.8%)
35-39 98 (22.7%) 40352 (20.7%) 40 (16.9%) 37869 (20.6%)
>40 29 (6.7%) 9382 (4.8%) 12 (5.1%) 8606 (4.7%)
Missing 30 (7.0%) 15191 (7.8%) 19 (8.1%) 14380 (7.8%)
Ethnicity, n (%)
Asian 91 (21.1%) 36228 (18.6%) 68 (28.8%) 33882 (18.5%)
Black 93 (21.6%) 24167 (12.4%) 46 (19.5%) 22392 (12.2%)
Mixed 8(1.9%) 3354 (1.7%) 6(2.5%) 3148 (1.7%)
White 154 (35.7%) 98791 (50.7%) 90 (38.1%) 93721 (51.1%)
Other 39 (9.0%) 16111 (8.3%) 13 (5.5%) 15168 (8.3%)
Missing 46 (10.7%) 16262 (8.3%) 13 (5.5%) 15211 (8.3%)
IMD quintile, n (%)
1 (least deprived) 30 (7.0%) 24014 (12.3%) 17 (7.2%) 22884 (12.5%)
2 38 (8.8%) 24620 (12.6%) 16 (6.8%) 23345 (12.7%)
3 72 (16.7%) 41127 (21.1%) 58 (24.6%) 38822 (21.2%)
4 178 (41.3%) 62291 (32.0%) 78 (33.1%) 58589 (31.9%)
5 (most deprived) 104 (24.1%) 41044 (21.1%) 63 (26.7%) 38214 (20.8%)
Missing 9(2.1%) 1817 (0.9%) 4 (1.7%) 1668 (0.9%)
BMI (kg/m?), n (%)
<18.5 12 (2.8%) 4311 (2.2%) 1(0.4%) 4040 (2.2%)
18.5-24.9 117 (27.1%) 78397 (40.2%) 71 (30.1%) 74790 (40.8%)
25.0-29.9 90 (20.9%) 44054 (22.6%) 59 (25.0%) 41676 (22.7%)
30.0-34.9 45 (10.4%) 18576 (9.5%) 40 (16.9%) 17409 (9.5%)
>35.0 33(7.7%) 9311 (4.8%) 20 (8.5%) 8620 (4.7%)
Missing 134 (31.1%) 40264 (20.7%) 45 (19.1%) 36987 (20.2%)

Parity, n (%)
0
1
>2
Missing
PAPP-A <0.415 MoM, n (%)
Yes (low)

No (normal)

167 (38.7%)
91 (21.1%)
119 (27.6%)
54 (12.5%)

21 (4.9%)
111 (25.8%)

85069 (43.6%)
52605 (27.0%)
33982 (17.4%)
23257 (11.9%)

4225 (2.2%)
70334 (36.1%)

114 (48.3%) 80013 (43.6%)

42 (17.8%) 49829 (27.2%)
54(22.9%) 31677 (17.3%)
26 (11.0%) 22003 (12.0%)
8 (3.4%) 3772 (2.1%)
62 (26.3%) 67261 (36.7%)

Missing 299 (69.4%) 120354 (61.7%) 166 (70.3%) 112489 (61.3%)
(Continues)
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Preterm analysis

Term analysis

Preterm stillbirths Births excluding Term stillbirths Term livebirths
(n=431) PTSB (n=194913) (n=236) (n=183522)
Smoking, 1 (%) 35 (8.1%) 9804 (5.0%) 14 (5.9%) 8903 (4.9%)
Pre-existing co-morbidities, n (%)

Chronic hypertension 9(2.1%) 2220 (1.1%) 3(1.3%) 1868 (1.0%)

Pre-existing diabetes 9(2.1%) 2608 (1.3%) 5(2.1%) 2239 (1.2%)
Pregnancy complications, n (%)

Gestational 10 (2.3%) 2264 (1.2%) 2(0.8%) 2030 (1.1%)

hypertension

Pre-eclampsia 24 (5.6%) 1934 (1.0%) 6 (2.5%) 1346 (0.7%)

Gestational diabetes 4(0.9%) 8780 (4.5%) 11 (4.7%) 8135 (4.4%)
Gestational age (weeks), 29.4 (26.0-34.0) 35.42(33.4-36.3) 39.1 (38.1-40.6) 39.9 (39.0-40.7)
median (IQR)

Birth weight (g), mean 1307.5 (761.0) 2316.1 (721.8)2 3072.3 (616.0) 3390.8 (462.3)
(SD)

Missing 7 (1.6%) 156 (1.4%) 0 (0.0%) 253 (0.1%)
Birth weight (pop) 26.9 (28.3) 46.9 (31.0) 34.5(30.1) 47.2 (27.0)
percentile, mean (SD)

Missing 18 (4.2%) 165 (1.5%) 0(0.0%) 417 (0.2%)
Birth weight (cust) 27.8 (33.0) 41.3 (33.2) 36.8 (32.8) 46.7 (28.5)
percentile, mean (SD)

Missing 10 (2.3%) 157 (1.4%) 0 (0.0%) 253 (0.1%)

Abbreviations: cust, customised; IQR, interquartile range; MoMs, multiple of the median; PAPP-A, pregnancy-associated plasma protein-A; pop, population; PTSB,

preterm stillbirth; SD, standard deviation.

2Preterm analysis restricted to all preterm births only (preterm stillbirths n =431, preterm livebirths n=11155).

evidence ofadifferent association with risk of stillbirth between
the preterm and term periods (Table 2, Figure S1). Chronic hy-
pertension and pre-existing diabetes mellitus were the only
associations consistent between gestational periods. For the
other associations, the differences were either in the strength
of the association, sometimes influenced by a specific expo-
sure category, or in the direction of the association.

For example, compared with a maternal age of 25-34 years, those
aged >40years were at significantly increased risk of stillbirth
preterm (adjusted odds ratio [aOR] 1.5, 95% CI 1.2-2.0) but not at
term (aOR 1.1, 95% CI 0.5-2.4). A significant association of smok-
ing with stillbirth was also observed preterm (aOR 1.6, 95% CI
1.2-2.3) but not at term (aOR 1.3, 95% CI 0.8-2.1). Similarly, pre-
eclampsia was significantly associated with stillbirth preterm
(@OR 5.3, 95% CI 2.8-10.0) but not at term (aOR 2.8, 95% CI
0.99-8.1).

By contrast, compared with a maternal BMI of 18.5-24.9kg/m?,
only a BMI of >35.0 was significantly associated with increased
odds of preterm stillbirth: aOR 1.5 (95% CI 1.2-1.9). Both catego-
ries of obesity were significantly, and more strongly, associated
with stillbirth at term: BMI 30.0-34.9 aOR 2.1 (95% CI 1.4-3.0)
and BMI >35.0 aOR 2.2 (95% CI 1.4-3.4).

The differences observed between preterm and term stillbirth
for parity appeared to have been driven by differences in oppo-
site directions. Compared with women having 1 previous birth,
those with >2 previous births had significantly increased odds of
stillbirth preterm (aOR 1.5, 95% CI 1.2-1.8) whilst nulliparity only
demonstrated a significant association at term (aOR 1.7, 95% CI
1.1-2.7).

A significant interaction was also observed between preterm
versus term stillbirth and ethnicity overall, though differences
in association are modest for individual ethnicity groups. For
example, a somewhat stronger increase in stillbirth risk was
seen at term in Asian mothers compared to White (term aOR 2.0
[95% CI 1.4-2.8] vs. preterm aOR 1.6 [95% CI 1.2-2.1]) but the
opposite in mothers of Black (preterm aOR 2.5 [95% CI 2.0-3.1]
vs. term aOR 2.2 [95% CI 1.7-2.7]) compared to White ethnicity.

Gestational hypertension showed a statistically significant in-
teraction (p <0.01) with potential effects in opposite directions
though not statistically significant in either period: preterm still-
birth aOR 1.5 (95% CI10.8-2.9) and term aOR 0.6 (95% C10.2-2.4).

Six clusters had <50% missing values for PAPP-A. Low PAPP-A
was found to be significantly associated with preterm stillbirth
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TABLE 2 | Stillbirth rates, univariable and multivariable logistic regression, stratified by preterm and term, with interaction test.

Interaction
Preterm stillbirth Term stillbirth test
SBrate+2SE OR (95% CI) aOR (95% CI) SBrate+2SE OR (95% CI) aOR (95% CI) p
Age at 12weeks' (years)
<20 2.8+0.2 14(1.2-1.7)  1.5(0.7-3.2) 1.8+0.1 1.3(1.0-1.6) 1.2(0.5-3.2)
20-24 2.6+0.1 1.3 (1.2-1.5) 1.3 (1.0-1.8) 1.1+0.0 0.8 (0.7-0.9)  0.8(0.5-1.2)
25-34 2.0x+0.0 Ref Ref 1.4+0.0 Ref Ref <0.01
35-39 2.4+0.0 1.2(1.1-1.3)  1.3(1.0-1.6) 1.1+0.0 0.8(0.7-0.9) 0.8 (0.6-1.1)
>40 3.1+0.1 1.6 (1.4-1.8)  1.5(1.2-2.0) 1.4+0.1 1.0(0.9-1.2)  1.1(0.5-2.4)
Ethnicity
Asian 2.5+0.0 1.6(1.5-1.7)  1.6(1.2-2.1) 2.0£0.0 21(1.9-2.3) 2.0(1.4-2.8)
Black 4.0+0.1 2.5(2.3-2.7) 2.5(2.0-3.1) 2.0+0.1 2.1(1.9-2.4) 2.2(1.7-27)
Mixed 2.4+0.2 1.5(1.2-1.8)  1.5(0.6-3.5) 1.8+0.1 1.9 (1.5-2.5)  2.0(0.8-5.0) <0.01
White 1.6+£0.0 Ref Ref 0.9+0.0 Ref Ref
Other 2.4+0.1 1.5(1.3-1.7)  1.5(0.9-2.4) 0.9+0.0 1.0(0.8-1.2) 0.9 (0.6-1.5)
IMD quintile
1 (least 1.3+0.0 Ref Ref 0.7+0.0 Ref Ref
deprived)
2 1.6+0.0 1.3(1.1-1.5)  1.2(0.6-2.3) 0.7+0.0 0.9 (0.8-1.1) 0.8 (0.4-1.6)
3 1.8+0.0 1.4 (1.2-1.6) 1.2(0.7-2.2) 1.5+0.0 2.0(1.7-2.4) 1.6(0.8-3.2) <0.01
4 2.9+0.0 2.3(2.0-2.6) 1.8 (1.0-3.2) 1.3+0.0 1.8 (1.5-2.1) 1.4(0.8-2.5)
5 (most 2.6+0.0 2.0(1.8-2.3)  1.4(0.8-2.6) 1.7+0.0 2.2(1.9-2.6) 1.7(0.9-3.0)
deprived)
BMI (kg/m?)
<18.5 24+0.1 1.4 (1.2-1.6) 1.3 (0.8-2.0) 0.5+0.1 0.5(0.3-0.7)  0.5(0.2-1.1)
18.5-24.9 1.8+0.0 Ref Ref 1.0+0.0 Ref Ref
25.0-29.9 2.3+0.0 1.3(1.2-1.4) 1.2(1.0-1.4) 1.440.0 1.4(1.3-1.5) 1.4(1.0-1.9) <0.01
30.0-34.9 2.6+0.1 1.5(1.4-1.6)  1.1(0.8-1.7) 2.2+0.1 2.2(2.0-2.4) 2.1(1.4-3.0)
>35.0 3.7+0.1 21(1.9-23) 1.5(1.2-1.9) 2.1+0.1 2.2(1.9-2.5) 2.2(1.4-3.4)
Parity
0 2.0£0.0 11(1.0-1.2)  1.2(0.9-1.6) 1.4+0.0 1.6(1.4-17) 1.7(1.1-2.7)
1 1.8+0.0 Ref Ref 0.9+0.0 Ref Ref <0.01
>2 3.4+0.1 1.9(1.8-2.1)  1.5(1.2-1.8) 1.6+0.0 1.8(1.6-2.0) 1.6 (0.9-2.7)
Smoking
Yes 3.6+0.1 17(1.5-1.9) 1.6(1.2-2.3) 1.6+0.1 1.2(1.1-1.5) 1.3(0.8-2.1)
No 2140.0 Ref Ref 1.3£0.0 Ref Ref 004
Pre-existing co-morbidities
Chronic HTN 4.0+0.2 1.9(1.5-2.3)  1.5(0.5-4.2) 1.6+0.2 1.3(0.9-1.8)  1.0(0.2-4.3)
No cHTN 2.240.0 Ref Ref 1.3£0.0 Ref Ref 008
(Continues)
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TABLE 2 | (Continued)

Interaction
Preterm stillbirth Term stillbirth test
SBrate+2SE OR (95% CI) aOR (95% CI) SBrate+2SE OR (95% CI) aOR (95% CI) p
Pre-Existing 3.4+0.2 1.6 (1.3-1.9)  1.4(0.5-3.8) 2.240.2 1.8(1.3-2.3)  1.2(0.1-10.1)
DM 0.53
No DM 2.2+0.0 Ref Ref 1.3+0.0 Ref Ref
Pregnancy complications
Gestational 44+0.3 2.0 (1.7-2.4) 1.5(0.8-2.9) 1.0+0.1 0.8(0.5-1.2) 0.6 (0.2-2.4)
HTN <0.01
No gHTN 2.2+0.0 Ref Ref 1.3+0.0 Ref Ref
Pre-eclampsia 12.3+0.4 59(5.2-6.7)  5.3(2.8-10.0) 44403 3.5(2.8-4.5) 2.8(1.0-8.1)
No PE 2.1+0.0 Ref Ref 1.3£0.0 Ref Ref <ot
Gestational DM 0.5+0.0 0.2(0.1-0.3)  0.2(0.1-0.3) 1.4+0.1 1.1(0.9-1.3) 0.9 (0.5-1.5)
No GDM 2.3%0.0 Ref Ref 1.3+0.0 Ref Ref <ot

Note: SB rate = number of stillbirths per 1000 births, restricted to term births only at term; aOR = adjusted odds ratio (exposures adjusted for a priori selected
confounders [age: ethnicity, IMD, parity; ethnicity: n/a, IMD: age, ethnicity, parity, pre-existing co-morbidities; BMI: age, ethnicity, IMD, parity, smoking, pre-existing
co-morbidities; parity: age, ethnicity, IMD, BMI, pre-existing co-morbidities; smoking: age, ethnicity, IMD, parity, pre-existing co-morbidities; cHTN/pre-existing

DM: all variables except cHTN/pre-existing DM, respectively, and pregnancy complications; gHTN/PE/GDM: all variables except gHTN/PE/GDM respectively]; also

described in Table S1), as well as the implementation period and arm of main trial.

Abbreviations: BMI, body mass index; cHTN, chronic hypertension; DM, diabetes mellitus; GDM, gestational diabetes mellitus; gHTN, gestational hypertension; HTN,

hypertension; IMD, index of multiple deprivation.

(aOR 2.8, 95% CI 2.0-3.9), in a multivariable model restricted to
the six clusters. A weaker positive association, not statistically
significant, was observed at term (aOR 2.2, 95% CI 0.6-7.5). The
interaction test showed a significant difference between the re-
lationship of PAPP-A to preterm and term stillbirth (p <0.01).

4 | Discussion
4.1 | Main Findings

We demonstrated significantly different associations with still-
birth risk between preterm and term periods for 10 of 12 expo-
sures explored. Differences driven by weaker associations with
stillbirth at term may reflect national guidance advocating ear-
lier term birth (e.g., older maternal age, pre-eclampsia) [9, 10, 12].
Differences driven by stronger associations at term (e.g., obesity,
nulliparity and ethnicity) lacked clear guidance on timing of birth.

4.2 | Strengths and Limitations

To our knowledge, this is the first large cohort analysis in a
high-income setting to directly compare associations of multi-
ple maternal and pregnancy risk factors with stillbirth at term
compared to preterm. Previous large-scale studies and reports
have not distinguished between independent risk factors for
preterm and term stillbirth [5, 22]. This limited our under-
standing of the drivers of these events and the influences of
clinical practice and policy. Notably, preterm birth rates, still-
birth rates and preterm stillbirth proportions were similar to
national data, supporting the generalisability of our results to
the UK population [5, 6, 22].

Limitations include heterogeneously recorded electronic data,
potentially resulting in misclassification [17]. Missing PAPP-A
data prevented exploration of its associations with preterm and
term stillbirth in the primary models. Most stillbirths (65%)
occurred preterm, consistent with MBRRACE [5], limiting the
power to detect associations at term. Our term stillbirth find-
ings should therefore be treated with caution and replication
of our results in a larger sample would be valuable. We limited
factors explored to those available in DESiGN, focusing on es-
tablished correlates and risk factors for stillbirth. We could not
assess unmeasured risk factors, such as passive smoking or in-
trahepatic cholestasis of pregnancy, nor explore novel emerging
potential risk factors, such as electronic cigarettes, or molecu-
lar mechanisms [23-27]. Gestational age of intrauterine demise
was not routinely recorded, therefore some term stillbirths may
have died late preterm. With respect to gestational age at birth
amongst live and stillbirths, we highlight that this provides a de-
scriptive overview rather than inferring association or causality.
Whilst it has previously been suggested that birth usually occurs
within 2 days of demise [28], there is a need for cautious inter-
pretation of our findings. Without a known interval between de-
mise and birth, we may overestimate the prevalence of SGA in
stillbirths. Although we lacked data on stillbirth aetiology, the
data provided a unique opportunity to analyse multiple mater-
nal and pregnancy factors.

4.3 | Interpretation

Some known risk factors differed in their associations between
preterm and term stillbirth through an increased risk with
preterm stillbirth and a weaker, or lack of, association with
term stillbirth. These included older maternal age, smoking and
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pre-eclampsia. The weaker association at term should not be in-
terpreted as a direct biological effect that is limited to preterm
birth. Clinical guidelines advise increased surveillance, smok-
ing cessation support and planned timely birth, such as with
older maternal age, smoking and hypertensive disorders [10-12,
29]. If these findings relate to mitigation through enhanced in-
tervention, this is reassuring as national guidelines are achiev-
ing their goal at term.

We observed a low incidence of GDM in the preterm population,
a condition selectively screened for up to 28 weeks' in the United
Kingdom. Many GDM cases are diagnosed later in pregnancy
through screening or when fetal macrosomia or polyhydram-
nios are suspected, or postnatally during stillbirth investigation.
Thus, many preterm stillbirths occur before GDM diagnosis
or development, explaining the low incidence of GDM in the
preterm group. The lack of association between GDM and term
stillbirth in our cohort is similarly likely to reflect robust na-
tional guidance on earlier term birth in these women [9].

Our findings highlight the need to review existing evidence and
guidance on birth timing to mitigate term stillbirth. Women
with risk factors lacking guidelines for earlier birth, such as
obesity, remain at higher risk of term stillbirth [30]. Earlier
term births (from 37 to 39 weeks') in pregnant individuals with
obesity have been proposed to reduce perinatal morbidity with-
out increasing caesarean rates or adverse outcomes [31-33].
A retrospective cohort study of 2862 stillbirths demonstrated
increased perinatal mortality after 38 weeks' at BMI >40kg/
m?2, recommending birth at this gestation [32]. Gestational cut-
offs were less clear for BMI <40kg/m? and the authors did not
adjust for confounding factors such as maternal age, ethnicity
and parity. A systematic review and meta-analysis of 16274
stillbirths found modest maternal BMI increases also raised
stillbirth risk [34]. Further guidance on fetal growth surveil-
lance and birth timing in women with obesity is needed, as well
understanding stillbirth mechanisms in this group. Differences
for parity showed nulliparous women at weaker preterm still-
birth risk, whilst multiparous women had increased adjusted
odds of stillbirth both preterm and at term, compared to moth-
ers with one previous birth. Existing guidelines only recognise
nulliparity as a stillbirth risk factor [11, 12, 35, 36]. Further
studies are needed to better understand the increased risk in
multiparous women. Stillbirth risk differences were not con-
sistent across ethnicities nor deprivation indices. A national
cohort study of over 1.2 million women in England linked so-
cioeconomic and ethnic inequalities to a substantial proportion
of stillbirths, stressing the need for targeted prevention efforts,
again highlighted in the Saving Babies Lives Care Bundle
[13, 22]. Our study supports targeted surveillance and an im-
proved understanding of factors influencing antenatal choices
for safer pregnancies.

Preterm stillbirth risk mitigation requires a different approach,
as the risks of elective preterm birth rarely outweigh the ben-
efits. Preterm stillbirth, compared to term, is predominantly
caused by placentally mediated pathology and can potentially
be predicted by mid-trimester evaluation of maternal risk fac-
tors, estimated fetal weight (EFW) and uterine artery pulsatility
index [8]. Aspirin, due to its role in reducing other placentally
mediated diseases, could reduce perinatal mortality in high-risk

women [37, 38]. However, in progressive conditions, such as pre-
eclampsia, late preterm birth may be justified to reduce mater-
nal morbidity and prevent stillbirths [39, 40]. The longer-term
consequences of prematurity must also be considered.

5 | Conclusion

We identified differences in several maternal and pregnancy
factors associated with preterm and term stillbirths, with ‘term’
defined as those occurring at or after 37 weeks of gestation. Clear
national guidance on birth timing for at-risk mothers, especially
those with obesity, may reduce stillbirth rates. Consideration
of differences existing between preterm and term stillbirth can
drive our understanding of mechanisms leading to stillbirth, en-
abling the development of screening, prevention strategies and
tailored interventions to mitigate stillbirth risk.
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